Key indicators: single-crystal X-ray study; T = 98 K; mean (C-C) = 0.005 Å; disorder in main residue; R factor = 0.065; wR factor = 0.166; data-to-parameter ratio = 14.1.
The asymmetric unit of title co-crystal, C 14 H 16 N 4 S 2 2+ Á-2C 7 H 3 N 2 O 6 À Á4C 7 H 4 N 2 O 6 , comprises a centrosymmetric dipyridinium dication, a 2,6-dinitrobenzoate anion and two independent 2,6-dinitrobenzoic acid molecules. The pyridinium rings are each approximately perpendicular to the central dithioamide unit [dihedral angle = 80.67 (12) ]. The carboxylate/carboxylic acid groups are approximately perpendicular to the benzene ring to which they are attached [dihedral angles = 78.85 (16), 81.46 (19) and 71.28 (15) ]. By contrast, the major twist exhibited by a nitro group is manifested in a dihedral angle of 32.66 (17) . The most prominent feature of the crystal packing is linear supramolecular chains along [110] , featuring O-HÁ Á ÁO(carboxylate) and pyridinium-N-HÁ Á ÁO hydrogen bonds. These are consolidated into a three-dimensional architecture by thioamide-nitro N-HÁ Á ÁO, C-HÁ Á ÁO and -[inter-centroid distance = 3.524 (2) Å ] interactions. One of the nitro O atoms was refined over two sites; the major site was 0.65 (7) occupied.
Related literature
For the 2:1 salts of 2,6-dinitrobenzoate with isomeric n-({[(pyridin-1-ium-n-ylmethyl)carbamoyl]formamido}meth-yl)pyridin-1-ium, n = 2, 3 and 4, see: Arman et al. (2013) . For co-crystals of 4-nitrophenylacetic acid with N,N 0 -bis(pyridin-3-ylmethyl)oxalamide and the thioxalamide analogue, see: Arman et al. (2012) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). We gratefully thank the Ministry of Higher Education (Malaysia) for funding structural studies through the HighImpact Research scheme (UM.C/HIR-MOHE/SC/03).
Comment
The title salt co-crystal (I) was isolated in continuation of on-going structural studies of salts/co-crystals formed between carboxylic acids, including 2,6-dinitrobenzoic acid (Arman et al., 2013) , and various pyridyl derivatives, such as the isomeric N, N′-bis(pyridin-n-ylmethyl) oxalamide series, where n = 2, 3 and 4, and their thioxalamide analogues (Arman et al., 2012) .
The asymmetric unit of (I) comprises half of a 2-({[(pyridin-1-ium-2-ylmethyl)carbamoyl]formamido}methyl)-pyridin-1-ium dication, disposed about a centre of inversion, a 2,6-dinitrobenzoate anion and two molecules of 2,6-dinitrobenzoic acid, Fig. 1 . The pyridin-1-ium rings lie to either side of the central dithioamide chromophore and adopt an almost perpendicular orientation forming a dihedral angle of 80.67 (12)°. In the anion, the carboxylate is inclined to the benzene ring to which it is attached forming a dihedral angle of 78.85 (16)°. A similar situation pertains in the neutral 2,6-dinitrobenzoic acid molecules where the comparable dihedral angles are 81.46 (19) and 71.28 (15)°. By contrast, while all nitro groups are twisted out of the plane of the benzene ring to which they are attached, the greatest twist is seen in the O12-N6-C20-C15 torsion angle of -32.7 (4)°.
The deprotonated carboxylate O13,O14 group is pivotal in the crystal packing, as each oxygen atom accepts a hydrogen bond from an adjacent molecule of 2,6-dinitrobenzoic acid, Table 1 . As well, the O14 atom accepts a hydrogen bond from the pyridinium residue. A supramolecular chain results, base vector [1 -1 0], as shown in Fig. 2 . Chains are linked into a three-dimensional architecture by amide-N-H···O, C-H···O and π-π [inter-centroid distance between centrosymmetrically related C8-C13 rings = 3.524 (2) Å; symmetry operation = 1 -x, -y, 1 -z] contacts. Fig. 3 shows the unit-cell contents viewed down the axis of the chain.
Experimental
2,6-Dinitrobenzoic acid (Sigma-Aldrich, 0.1 mmol) was dissolved in methanol (5 ml) and added to this was a chloroform (10 ml) solution of N,N′-bis(pyridin-2-ylmethyl)thioxalamide (0.5 mmol). The mixture was heated and allowed to stand for slow evaporation affording red crystals.
Refinement
C-bound H-atoms were placed in calculated positions (C-H = 0.95-0.99 Å) and were included in the refinement in the riding model approximation with U iso (H) set to 1.2U eq (C). The O-and N-bound H-atoms were located in a difference ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Symmetry codes: (ii) x−1, y+1, z; (iii) −x+1, −y, −z+1; (iv) −x+2, −y, −z+1; (v) −x+1, −y, −z.
